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INTRODUCTION 
The pyrazoles, Rpz (R= H, alkyl or aryl groups) (I) are 
thermally and hydrolytically very stable moieties. Which have been 
found to coordinate to metals and metalloids through pyridyl 
nitrogen N(2) if the reactions are performed in neutral medium. A 
survey of literature has revealed a variety of complexes of these 
1—5 2-monohaptopyrazoles (Rpz) 
(I) 
(R= H, alkyl or aryl) 
The simplest and most thoroughly studied types of pyra-
zole complexes are M(Rpz) X where M= transition metals, Rpz= 
2-monohaptopyrazoles, X= counter ion, m= valence state of the 
transition metal, usually divalent. These complexes are prepared 
readily by the reactions of metal salts with pyrazoles (Rpz) in 
neutral or slightly acidic medium as shown below. 
MXg + mHpz — ^ M(Hpz)j^X2 (1) 
1-5 The complexes derived in equation (1) are reported 
to coordinate via pyridyl nitrogen N(2) of the five membered ring, 
T h i s h a s been f u r t h e r con f i rmed by X- r ay c r y s t a l l o g r a p h y ~ . 
However, t h e number of p y r a z o l e s c o o r d i n a t e d to t h e m e t a l i o n s 
d e p e n d s on the f o l l o w i n g f a c t o r s . 
1 . C o o r d i n a t i n g A b i l i t y of C o u n t e r I o n ; A v a r i e t y of t he c o m p l -
e x e s of t h e t y p e ^^(Hpz) X (n= 6 and m= 2) show maximum c o o r d i n a -
t i o n of t h e p y r a z o l e s i f X i s a n o n - c o o r d i n a t i n g a n i o n s such a s 
NO3, BF^ or ClO^ and M= Mg^"^, Mn^-^, F e ^ ^ , Co-"-" ,^ N i ^ ^ , Zn"^^ o r 
Cd . However, t he complexes of t h e t y p e M(Hpz) X (n= 4 and 
m= 2) have been r e p o r t e d fo r X= h a l i d e ion and M=: N i , Cu and F e , 
The s t r u c t u r e s of t h e s e complexes have been f u r t h e r con f i rmed by 
X - r a y c r y s t a l l o g r a p h y "" , I n t h e Ni(Hpz)^X2 complexes t h e h a l o -
g e n s a r e c o o r d i n a t e d t o t h e Ni p l a c i n g i t a g a i n i n a o c t a h e d r a l 
e n v i r o n m e n t . The p y r a z o l e r i n g s a r e o r i e n t e d v e r t i c a l l y w i t h 
r e s p e c t t o t h e p l a n e d e f i n e d by t h e Ni atom and t h e f o u r c o o r d i -
n a t e d n i t r o g e n s and t h e r e e x i s t s a hydrogen bond be tween t h e 1-N 
and t h e h a l o g e n i n b o t h compounds . 
2 . N a t u r e of t h e M e t a l I o n ; I h a s been r e p o r t e d t h a t C u ( I I ) 
n e v e r g i v e t h e complex of t h e t y p e Cu(Hpz)g^X2 unde r any c o n d i -
t i o n s , r a t h e r i t p r o d u c e s o n l y t e t r a c o o r d i n a t e c o m p l e x e s of the 
t y p e Cu(Hpz)4X2 r e g a r d l e s s of t h e n a t u r e of c o u n t e r a n i o n X ( C I , 
Br , BF4, CIO4, SO4, NO3) •'"'"'"•'•'•'•^. The p r e s e n c e of s u b s t i t u e n t s 
v i z . C I , Br, NOp o r of 1-me a t 4 - p o s i t i o n of p y r a z o l e r i n g d i d 
2+ 13 
n o t a l t e r t h e maximum CuL. s t o i c h i o m e t r y 
3. Substitution on the Pyrazole Ring; A substituent in the 3-
position introduces steric hindrance and makes it difficult to have 
six 3-substituted pyrazoles coordinated via the N(2) to a metal. 
This difficulty can be circumvented by coordination through a tauto-
meric 5-substitute<4 structure, where steric hindrance is minimized. 
In fact, the highest apparent coordination number for a variety of 
transition metal ions (Mn, Fe, Co, Cd) has been reported in the 
structure of the type lA(H3-lAepz)jiClO.)^, although the seventh 
pyrazole is regarded as being in the second coordination sphere. 
By contrast, H3,5-Mep2 which has both positions adjacent to the 
nitrogens substituted with methyl groups forms only complexes of 
2 14 the type M(H3,5-Me2Pz)4X2 * . 4-methylpyrazole has the methyl 
group far from the coordination site and, consequently, it behaves 
2 
l i k e pyrazo le i t s e l f . 
A d e t a i l e d s tudy of e l e c t r o n i c spec t ra of M(H5Mepz)pX2 
for M= Mn, Fe, Co, Ni and Cu, and X= NO3, CI, Br, I , ClO^ and BF^ 
showed c o n s i d e r a b l e d i s t o r t i o n from o c t a h e d r a l symmetry. This was 
a t t r i b u t e d to hydrogen bonding between the l igand and the an ion . 
IR and Raman s p e c t r a of these complexes show the N-H v i b r a t i o n to 
be s t r o n g l y dependent on hydrogen bonding which was found to be 
g r e a t e s t wi th c h l o r i d e anion , followed by Br, I , NO^ ai^ d BF^, 
whi le no hydrogen bonding was observed for ClO^. With 3 ,5 -d ime thy l 
py razo l e c o b a l t complexes" of the type C0L4X2 (X= CI , Br or SCN) 
have been prepared » A complex anion [CoBr^ (H3,5-Mepz)] was 
i s o l a t e d as the Et.N s a l t . T e t r a h e d r a l complexes of the type 
ML^CNCS)^ complexes have been r e p o r t e d for Zn and Cd. 
Although it has generally been assumed that Hpz and Rpz 
Coordinate exclusively through the substituted N(2) (the 'pyridyl' 
N), in line with all structures that have been established by X-ray 
crystallography. However, in some instances data have been inter-
preted to imply coordination through the substituted N(l) (the 
•pyrollic' N). Thus, paramagnetic shifts in l-vinyl-2-methyl- and 
l-ethyl-2-methylpyrazolium iodides in presence of CoCl^ (1-ethyl-
imidazole)^ were interpreted as implying coordination of the 
17 1R 
pyrollic nitrogen as were the paramagnetic shifts were observed 
in coordination of Hpz in the following complexes. 
> w 
(M= Ni, Co) 
Complexes of H3,5-Me2PZ and R3Me5NH2PZ' (R= H, Me, Ph) 
with a variety of trialkylboranes have been prepared and charac-
terized. All ligands bond through N(2), except for Ph3Me5NH2pz, 
19 
which bonds via NHo . 
Apart from complexes of the first row transition metals, 
pyrazole complexes of ruthenium in several oxidation states have 
been investigated. The blue solution of Ru(II) when treated with 
pyrazo l e or 3 , 5 - d i m e t h y l p y r a z o l e , produced spec i e s such as RuLoClZ, 
20 RuCl^Lo(H20) e t c . c h a r a c t e r i z e d by a n a l y s i s and c o n d u c t i v i t y da t a 
Complexes of the type L2AgN03 and L2(HgCl2)3, where L= 3 ( 5 ) - m e t h y l -
21 p y r a z o l e , have a l so been r e p o r t e d 
In a d d i t i o n to complexing with simple t r a n s i t i o n metal 
i o n s py razo l e s have been r e p o r t e d to coo rd ina t e with d i v e r s e 
o r g a n o m e t a l l i c s p e c i e s . Thus, the r e a c t i o n of pyrazo le with 
CcHcCoIpCO r e s u l t s in the d i sp lacement of CO and the format ion of 
22 Cc^HeCol2(Hpz) as an a i r - s t a b l e green s o l i d s p e c i e s . Simple 
c o o r d i n a t i o n by py razo l e to r e l i e v e c o o r d i n a t i o n u n s a t u r a t i o n has 
been r e p o r t e d for Et2B(pz)2Mn(C0)2-'rt-allyl * and for compounds 
OR * 
such as H2B(pz)2Mn(CO)3 . In each of these i n s t a n c e s the a d d i t i o n 
of pyrazo le g ives r i s e to a i n e r t gas c o n f i g u r a t i o n . The r e a c t i o n 
of Fe(CO)K with 3 , 5 - d i m e t h y l p y r a z o l e i s r e p o r t e d to give a i r 
s e n s i t i v e (H3,5-Me2Pz)2^600 as a pink s o l i d . A Tt-bonded sandwich 
s t r u c t u r e has been t e n t a t i v e l y proposed for t h i s compound; t h i s 
however, seems u n l i k e l y . The above r e s u l t s c o n t r a s t wi th the 
r e a c t i o n of I r on pen taca rbony l wi th pyrazo le i t s e l f where 
[ F e ( p z ) 2 ] ^ i s o b t a i n e d . 
The a b i l i t y to l o se the 1 proton and to func t ion as a 
u n i n e g a t i v e , e x o b i d e n t a t e 1 ,2 -d ihap to l igand in bas i c medium having 
C2y symmetry i s a c h a r a c t e r i s t i c f e a t u r e of p y r a z o l e . The geometry 
of p y r a z o l i d e ion pe rmi t s i t ac t as a b r idge between two i d e n t i c a l 
or d i s s i m i l a r me ta l s or m e t a l l o i d s . With simply so lva t ed metal 
i o n s t h i s b r idg ing l eads to polymeric s t r u c t u r e (IV) or p o s s i b l y (V) 
In the case of (IV) additional coordination of water, ammonia etc 
may occur placing the metal ion in a octahedral environment. 
N N 




However, in presence of appropriate endcapping groups 
polymer formation is avoided and monomeric metallocycles (VI) are 





Polymeric complexes containing the exobidentate 1,2-di-
haptopyrazolide ligand have been known since 1889, when Buchner in 
27 his paper on pyrazole reported the formation of the insoluble 
silver pyrazolide, Ag(pz), which be simply denoted as 'silver 
salt'. The structure of Ag(pz) has never been established but is 
probably polymeric s t ruc ture of the type [Agpz] . An analogous 
s t ruc tu re has been proposed for [Cupz] prepared from [Cu{NH2)2] 
and pyrazolide ion. The mass spectrum shows presence of mainly 
dimers and tr imers in vapour, while preliminary X-ray data are 
compatible with a extended chain s t r u c t u r e . 
Pyrazolides of many d iva lent t r a n s i t i o n metals have been 
prepared by the r eac t ion of ammoniacal solut ion of the metal s a l t s 
with pyrazole. The polymeric che la tes are solvated with water and/ 
or ammonia but may be obtained pure by drying in vacuo . The 
polymeric pyrazolides are i n t r a c t a b l e , thermally very s tab le 
s o l i d s . The [CuCpz)^]^ polymer may be obtained as a brown solid 
29 
when reac t ion i s performed in ammonia . Among the various t r a n s i -
t i on metal pyrazolides the most thoroughly studied one i s the very 
insoluble purple cobal t che la te , [(3,5-Meppz)^Co] which can be 
p rec ip i t a t ed in ana ly t i c a l pur i ty a t pH 7 .5-9 .0 . I t has been 
suggested tha t p r e c i p i t a t i o n of t h i s complex be used for the 
30 31 gravimetric determination of cobalt ' . Pyrazolides of Fe(II) 
and Fe ( I I I ) have been prepared by the reac t ion of pyrazole wjth a 
39 
v a r i e t y of iron de r iva t ives such as Fe(CO)c,, [Cc^H^Fe(C0)2]2> e t c . 
While a i r sens i t ive [FeCpz)^]^ was preoared d i r e c t l y , the s table 
red-brown [Fe(pz)o] was obtained e i the r by the reac t ion 
[Fe(pz)2]ri + Ag(pz) > Ag° + [Fe(pz)3] 
or by treatment of FeCl^ with Kpz. Both iron pyrazolides are 
polymeric and as such insoluble except with decomposition. 
o 
O 
There are numerous i n s t a n c e s i n which monomeric compounds 
c o n t a i n one or more 1 , 2 - d i h a p t o p y r a z o l i d e g roups b r i d g i n g two i d e n -
t i c a l or d i s s i m i l a r m e t a l s or m e t a l l o i d s . The o n l y example of a 
s i n g l e b r i d g i n g p y r a z o l i d e i o n i s t h e b i n u c l e a r coppe r complex (VH) 
33 
s y n t h e s i z e d as a p o s s i b l e model fo r n i t r o g e n f i x i n q sys tem 
^ ^ 
# 
\ ' < ^ 
(VII ) 
Various t y p e s of m e t a l l o c y c l e s c o n t a i n i n g two 1 , 2 - d i -
h a p t o p y r a z o l i d e (or s u b s t i t u t e d p y r a z o l i d e ) b r i d g i n g have been 
r e p o r t e d as shown i n s t r u c t u r e (VI) and i n c l u d e M= Rh (L= Co and 
L^- l » 5 - c y c l o o c t a d i e n e ) and Pd (L= n - a l l y l o r 2 - s u b s t i t u t e d 
i i - a l l y l and L2= l , N - d i h a p t o - 2 - ( d i e t h y l a m i n o m e t h y l ) p h e n y l ) 34 
An ever l a r g e r f a m i l y of t h i s typp a r e p y r . i z o b o l e s ( V I I I ) 
35 
which have are b o r o n - n i t r o g e n h e t e r o c y c i e s and may f o r m a l l y bo 
regarded as composed of two boronium f r a g m e n t s l i n k e d by two 
1 , 2 - d i h a p t o p y r a z o l i d e b r i d g e s . They a r e formed by the r e a c t i o n of 
a p y r a z o l e wi th a borane or bo r ane complex . T h i s method y i e l d s 
s y m m e t r i c a l l y s u b s t i t u t e d p y r a z o b o l e s ~ . P y r a z o b o l e s c o n t a i n i n o 
Hpz + BR3 -> R2B(pz)BR2 + RH 
d i f fe ren t subs t i tuen t s on the two boron atoms are synthesized by 
the reac t ion of RpB(pz)p ion with a borane species containing a 
leaving group such as halide or sulfonate ' 
R2B(pz)2 + XBR2 -> R2B(pz)2BR2 + X 
^ 
R2B BR. 
( V I I I ) 
PRESENT WORK 
The p r e s e n t p r o j e c t d e a l s wi th the l i q a t i o n a l behaviour 
of a s u b s t i t u t e d pyrazo le l i g a n d , 4 -cyano-5-aminopyrazo le , 
H4CN5NH2PZ ( o b t a i n e d as a g i f t from CDRI, Lucknow, I n d i a ) . The aim 
to s e l e c t such a s u b s t i t u t e d pyrazo le i s to i n v e s t i g a t e the e f f e c t 
of s u b s t i t u t e d donor groups , CN and NHp on the expected s i t e of 
c o o r d i n a t i o n i . e . , p y r i d y l n i t r ogen N(2) of the pyrazo le r i n g . The 
r e a c t i o n of the l i g a n d , H4CN5NH„pz with anhydrous metal c h l o r i d e s , 
MCI2 [M= C r ( I I ) , F e ( l l ) , C o ( I I ) , N i ( I I ) and C u ( I I ) ] have been 
c a r r i e d out in 1:4 molar r a t i o (meta l to l igand) a t room tempera-
t u r e , r e s u l t i n g in the i s o l a t i o n of s o l i d mass. The r e s u l t s of 
e l e m e n t a l ana lyses have been found to be in accordance with the 
stoichiometry as [ML.Cl^] (L= H4CN5NH2Pz) where the number of 
pyrazole r i n g s a t t a c h e d to the meta l ions are c o n s i s t e n t with the 
r e p o r t e d na tu re of the metal ions ' ~ and counte r ions • . 
The exac t s i t e of c o o r d i n a t i o n of the l i o a n d , H4CN5NH2Pz 
i n presence of two s t rong donor s u b s t i t u e n t s , CN and NH^ and the 
o v e r a l l geometry of the complexes has been confirmed on the b a s i s 
of phys ico-chemica l methods. The IR da ta p resen ted here s t r o n g l y 
sugges t the c o o r d i n a t i o n of H4CN5NH„pz via p y r i d y l n i t r o g e n N(2) 
even in presence of the s t rong donor groups s i m i l a r to t h a t 
re ported for the complexes of H3,5-Me2pz and RSMeSNH^pz with 
variety of trialkyl boranes and metal salts ~ except for 
PhGMeSNH^pz which bond via NH^ group in the complexes of trialkyl 
19 boranes » 
The reaction of H4CN5NH2PZ with triphenyl phosphine 
derivatives, [M(Ph3)2Cl2] [M= Mn(ll), Co(II) and Ni(ll)] at room 
temperature resulted in the immediate isolation of the solid pro-
ducts. The IR data do not contain bands characteristic of Ph-P 
suggesting the complete removal of coordinated Ph^P leading to the 
formation of the complexes with similar stoichiometry, [ML.Clp] 
analogous to that formed from their correspondino anhydrous metal 
chlorides such that H4CN5NH2pz is coordinated via pyridyl nitrogen 
N(2). The mother liquor under vacuum left an equivalent amount of 
PhgP as microcrystalline mass. 
The coordinating ability of this ligand has also been 
checked with the metal chlorides of the group IIB metals, MClp and 
their triphenyl phosphine derivatives [M(PPh2)2Cl2] [M= Zn(II), 
Cd(ll), Hg(Il)] by incorporating their reactions under similar 
reaction conditions as reported for transition metal chlorides or 
their triphenyl phosphine derivatives. The products of these 
reactions have been isolated as solid mass. It has been found 
that in all the complexes the ligand is coordinated through pyridyl 
nitrogen N(2) and the IR spectra of the complexes derived from 
triphenyl phosphine derivatives do not contain band characteristic 
of Ph^P suggesting complete removal of Ph^P. In brief the inter-
action of H4CN5NH2P2 as a ligand with divalent metal ions or their 
triphenyl phosphine derivatives takes place in such a way that it 
acts as 2-monohapto ligand. 
1 
In view of the a b i l i t y of the pyrazole ligand to lose 
the 1 proton and to function as an uninegative, exobidentate, 
1,2-dihapto ligand cal led pyrazolide ion of C^ symmetry which i s 
27-30 the c h a r a c t e r i s t i c feature of pyrazole . The reac t ion of 
ammoniacal solut ion of metal ( I ) ch lo r ides , MCI (Cu, Ag) with the 
ligand H4CN5NH p^z r e su l t ed in the i so l a t i on of co lo r l e s s highly 
inso lub le , polymeric products presumably of the rypr[M(4CN5NHppz) ] 
[M = Cu(I ) , Ag( I ) ] . The existence of pyrazolide ion in these 
compounds has been confirmed by disappearance of VN-H s t re tching 
v ib ra t ion in the IR spectra of these compounds. 
The formation of the polymeric s t ruc ture i s avoided by 
the react ion of H4CN5NH2PZ with the i r t r iohenyl ohosphine der iva-
t i v e s , [M(PPh2)3X] [M= Cu( l ) , Ag(I),' X= CI and NO3 respec t ive ly] 
in basic medium at room temperature where Ph^P groups act as the 
encapping l igands . The products of the above reac t ions are found 
to be soluble in non-polar so lvents , possessing the stoichiometry 
as [M(PPh3)pL]p confirmed on the bas is of elemental analyses . The 
involvement of both the nitrogens (pyr idyl and py ro l l i c ) in these 
compounds has been confirmed by the disappearance of v N-H s t r e t c h -
ing v ibra t ion suggesting deprotonation of H4CN5NH2pz and r e su l t ing 
the formation of uninegat ive, exobidentate 1,2-dihapto 4-cyano-5-
aminopyrazolide l igand, [4CN5NHppz]~. 
EXPERIMENTAL METHODS 
However, molecular geometry of the compound indicating 
the exact disposition of the various atoms in the molecules are 
obtained by using single crystal X-ray crystallographic studies. 
The present complexes have been analysed by using molecular weight 
and magnetic susceptibility measurements, IR, electronic and 
reflectance spectral studies. 
The results of the elemental analysis for carbon, hydro-
gen and nitrogen were obtained from the micro-analytical laboratory 
of the Indian Institute of Technology, Delhi. The estimation of 
41 
chlorine was done gravimetrically and the metals were estimated 
42 by titrating with standard E.D.T.A. solution . For the metal 
estimation, a known amount of complex was decomposed with a mixture 
of nitric, perchloric and sulohuric acids and the chlorine was 
timated by fusing a known amount of the compound with fusion 
i x t u r e (KNO^ and K2CO2). 
es 
m 
The inf ra- red and far infra-red spectra were recorded 
as KBr discs on a Perkin-Elmer-621 (4000-200 cm" ) spectrophoto-
meter in the chemistry department of Guru Nanak Dev Universi ty, 
Amritsar, Reflectance spectra of the solid samples were recorded 
on a Carl-Zeiss VSU-2P spectrophotometer using MgO as ca l ib ran t 
and e lec t ron ic spectra in DMSO were recorded on a Pye Unicam-8800 
spectrophotometer a t room temperature. Results of the magnetic 
s u s c e p t i b i l i t y measurements were obtained by using a Faraday 
IC' 
balance at 25^C in the Chemistry Department of Guru Nanak Dev 
University, Amritsar. Molecular weights of the compounds were 
43 determined by Rast method using camphor as a solvent. 
_3 
The electrical conductivities of 10 M solution in DMSO 
were obtained on a Systronics type 302 conductivity bridge thermo-
statted at 25+0.05°C. 
Important Group Frequencies Located in the IR Spectra 
Pyrazole ring vibrations 
Band assignments were obtained by examining the infra-
red spectra of the 4-cyano-5-aminopyrazole ligand and compared 
4 44 45 
with the reported ' ' spectrum of the ligand. The important 
bands corresponding to the different modes of vibrations of the 
pyrazoles ring and the substituted groups are briefly discussed 
below, 
N-H stretching vibration 
The "VN-H (pyrollic) stretching vibration appear at a 
considerably lower wave length 2920 cm" attributable to intra 
4 46 47 
or inter molecular hydrogen bonding ' * . However, the N-H 
48 bending vibrations reported for solid pyrazole ligand have not 
been seen in the present ligand. 
l o 
NHp group v i b r a t i o n 
A m u l t i p l e ( t h r e e medium to s t rong i n t e n s i t y bands) in 
the r eg ion 3300-3400 cm" alongwith a s t rong band a t 1610 cm" 
may r ea sonab ly be ass igned to NH2 group . 
-C =N s t r e t c h i n g v i b r a t i o n 
The- -C'^N s t r e t c h i n g v i b r a t i o n as a very s t rong absorp-
t i o n band appeared in the frequency r e g i o n (2250-2255 cm"" ) as 
r e p o r t e d " for t he f r e e - C s N group . 
-C=N s t r e t c h i n g v i b r a t i o n 
A medium band a t 1490 cm" in the IR spectrum of 
H4CN5NH2PZ may be ass igned to =N s t r e t c h i n g v i b r a t i o n c o n s i s -
59 t e n t wi th benzopyrazole which undergo a s l i g h t nooa t ive s h i f t 
("w 5-15 cm" ) on c o o r d i n a t i o n to metal i o n s . 
M e t a l - n i t r o g e n (M-N) s t r e t c h i n g bands 
The M-N s t r e t c h i n g frequency i s of p a r t i c u l a r i n t e r e s t 
s i n c e i t p rov ides d i r e c t in format ion about the c o o r d i n a t i o n of N 
to the metal i o n s . In p re sen t complexes i t g e n e r a l l y appear as 
a s t rong band in the r eg ion (225-235 cm" ) c o n s i s t o n t wi th the 
, ,63—65 . , , , • _i 
r e p o r t e d n i t r o o e n donor l i g a n d s . 
lo 
Metal-chlprine (M-C1) stretching vibration 
The M-Cl stretching frequency for the present complex 
appear as medium intensity band around (280-290 cm" )o 
EXPEKIMENTAL 
Materials and Methods 
Reagents Used 
The reagents, triphenylphosohine (Sisco), CoClp,6HpO 
(BDH), NiCl2.6H20 (BDH) and CUCI2.2H2O, FeCl2.6H20, CrCl2.H20, 
MnCl2.4H20, HgCl2, CdCl2, ZnCl2, AgCl (all BDH) were commercially 
pure samples. The ligand 4-cyano-5-aminopyrazole is preoared by 
49 
reported method . The purity of the ligand is checked by micro-
analysis, M.Pt. and spectral studies. 
Solvents tetrahydrofuran, dimethyl sulfoxide and ethanol 
were commercially pure samples and were dried by literature 
methods^*^^. 
Dehydration-^^ of C0CI2.6H2O, NiCl2.6H20 and CUCI2.2H2O 
Dehydration of C0CI2.6H2O 
Fine CoClp.dHpO powder (10 gm) is placed in a flask 
provided with a ground joint and is covered with S0C12. The mix-
ture is refluxed for 3 hrs. The excess SOCI2 is then evaporated 
on a steam bath. The SOCl^ j which clings to the product is removed 
by repeated evaporation of the flask. 
Dehydration of NiCl2.6H20 
Ni(II) chloride hexahydrate (10 gm) was mixed with 
60 ml of SOCI2 and refluxed for 1 hr. Filtered and dried in 
vacuo giving yellow crystalline solid. 
Dehydration of CUCI2.2H2O 
5 gm of CUCI202H2O was refluxed with 50 ml of S0C12. 
The excess SOCI2 was removed by carrying out distillation and 
evaporation of residual solvent in vacuum. 
Dehydration of MnCl2.4H20 
Hydrated Mn(II) chloride (^10 gm) was refluxed with 
50 ml of acetic anhydride for 3 hrs. The comoound then filtered, 
washed several times with acetic anhydride followed by SOClp and 
vacuum dried. 
Dehydration of CrCl2.H20 
CrCl2.H20 (10 gm) was refluxed with 50 ml of SOCI2 for 
several hours. The product was isolated after the removal of 
excess SOCI2 by distillation and evaporation in vacuum. 
u 
Dehydration of FeCl2.6H20 
FeCl2«6H20 (10 gm) in 60 ml of acetic anhydride was 
refluxed for 3 hours. The compound then filtered, washed several 
times with acetic anhydride followed by SOCl^ and vacuum dried. 
51 Preparation of Dichlorobis(triphenylphosphine) cobalt(ll) 
An excess of triphenylphosphine (1.5 times the stoichio-
metric amount) was melted on a water bath and C0CI2.6H2O was slowly 
added to this molten triphenylphosohine with continuous magnetic 
stirring. The reaction mixture was stirred for 5-10 mints. There-
after, cooled and ground in a moartar. The blue product obtained 
was treated with hot ethanol for recrystallization (m.pt. 225°C). 
51 Preparation- of Chlorotris(triphenylphosphine) copper(l) 
Triphenylphosphine (6.55 gm, 25 mmol) was dissolved in 
100 ml CHCI3 in which CuCl (0.6015 gm, 6.5 mmol) was added in 
portions with continuous stirring, and then dry 400 ml EtOH was 
added followed by vigorous stirring Ca 2 hrs. A shining white 
microcrystalline solid separated out [m.pt. 150-160°C]. 
52 
P r e p a r a t i o n of D i c h l o r o b i s ( t r i p h e n y l p h o s p h i n e ) n i c k e l ( I I ) 
A s o l u t i o n of NiCl2.6Hr)0 (1 .19 gm, 5 mmol) in water was 
d i l u t e d with 25 ml g l a c i a l a c e t i c ac id and t r i pheny lohosph ine 
(2 .62 gm, 10 mmol) in 50 ml g l a c i a l a c e t i c acid was added. The 
2b 
olive green microcrystalline mass precipitates out, when kept in 
contact with its mother liquor for 24 hrs gave dark blue crystals 
which were filtered off, washed with glacial acetic acid and dried 
in vacuum desicator [m.pt. 244°C]. 
53 Preparation of Dichlorobis(triphenylphosphine) mercury(ll) 
Solution of triphenylphosphine (1.1 gm, 2 mol) and 
mercuric chloride (0.5 gm, 1 mol) both in hot alcohol (50 cc 
and 25 cc respectively) were rapidly mixed and allowed to cool. 
White crystals of the dichlorobis(triphenylphosphine) mercury(ll) 
was filtered dried into vacuum desicator [m.pt. 273°C]<, 
53 Preparation of Dichlorobis(triphenylphosphine) cadmium(II) 
Triphenylphosphine (10 gm, 2 mol) and a solution of 
cadmium chloride (15 gm, 1 mol) in water (50 cc) were vigorously 
shaken together, and the crystalline precipitate was collected, 
drained and twice recrystallized from ethanol [m.pt. 134°C]. 
54 Preparation of Dichlorobis(triphenylphosphine) zinc(II) 
The solution of anhydrous ZnClp (.6814 gm) in ether 
had been added to the Triphenylphosphine solution in dry benzene 
10 mmol (2,6229 gm). White shining crystals are slowly precipi-
tate out [m.pt. 336°C]. 
2^ 
Preparation of Dichlorobis(triphenylphosphine) Mn(ll) 
3.1 gm of anhydrous MnClp was dissolved in dry THF 
followed by the addition of 5,25 gm of P^oP. The reaction mixture 
was refluxed for 3 hrs. The final product was then precipitated 
by adding Et20 and then filtered [m.pt. 232°C]. 
56 Preparation of CuCl 
A mixture consisting of part of CUSO4.5H2O, 2 parts of 
NaCl and 1 part of copper turning is heated with 10 parts of H^ 
untill the color disappear completely. The mixture is poured into 
water, and CuCl crystallize out as white crystalline solid which 
has been dried and stored in vacuum. 
Preparation^"^ of [ Ag( PPh2)N03] 
Silver nitrate (5.02 gm, 29o6 mmol) dissolved in a mix-
ture of acetonitrile and 20 ml of methanol was added all at once 
to triphenylphosphine (5.96 gm, 22.7 mmol) in 50 ml of methanol, 
crystals of [Ag(PPh2)N02] began to form within a few minutes and 
were collected after standing at room temperature overnight 
[m.pt. 197°C]. 
'la 
Reaction of H4CN5NH2PZ wi th Anhydrous M e t a l ( I I ) C h l o r i d e s , MCl^; 
S y n t h e s i s of D i c h l o r o t e t r a k i s ( 4 - c y a n o - 5 - a m i n o p y r a z o l e ) M e t a l ( I I ) , 
ML4CI2 [M= C r ( l a ) , Mn(2a), F e ( 3 a ) , Co(4a) , N i ( 5 a ) , Cu(6a) ; L= 
H4CN5NH2Pz] 
3 
0 .05 Mole of l igand s o l u t i o n in 30 cm of EtOH i s s lowly 
added with the he lp of droping funnel to 0 .01 mole anhydrous metal 
3 
c h l o r i d e s s o l u t i o n taken in 50 cm of THF a t room t empera tu r e . The 
r e a c t i o n mixtures were s t i r r e d for 3 h r s . in the c losed r e a c t i o n 
v e s s e l s r e s u l t i n g i s the i s o l a t i o n of colored s o l i d s . These s o l i d s 
were vacuum d r i e d , washed s e v e r a l t imes with EtOH followed by e t h e r , 
m . p t s . ( l a ) 353°C, (2) 340°C, (3a) 342°C, (4a) 350°C, (5a) 333°C, 
(6a) 360°C. 
Reac t ion of H4CN5NH2Pz wi th [M(PPh2)2Cl2]; S y n t h e s i s of D i c h l o r o -
t e t r a k i s ( 4 - c y a n o - 5 - a m i n o p y r a z o l e ) M e t a l ( I I ) , ML^Cl^ [M=Mn(2a ' ) , 
C o ( 4 a ' ) , N i ( 5 a ' ) 
0 . 01 Mole of p r e c u r s o r s , [M(PPhO^Cl^] d i s s o l v e d in 
3 
80 cm of THF is reacted with 0.05 mole lioand solution taken in 
3 
40 cm of EtOH, in a closed reaction vessel at room temperature. 
The reaction mixtures were constantly stirred for 1 hr. resultin 
in the isolation of solid mass, washed several times with ether 
and dried in vacuo. The mother liguor left 2 mole eauival'^ nt 
colorless microcrystalline solid mass. The colorless microcrys-
talline mass has been identified as Ph^P on the b^sis of micro-
analysis melting points and IR spectral studies. M.Pts. (2a') 
353°C, (4a') 345°C, (5a') 337°C. 
o 
Reac t ion of H4CN5NH2PZ wi th Group IIB M e t a l ( I I ) C h l o r i d e ; Syn thes i s 
of D i c h l o r o t e t r a k i s ( 4 - c y a n o - 5 - a m i n o p y r a z o l e ) M e t a l ( l l ) , ML.CI2 
[M= Zn(7a) , Cd(8a) , Hg(9a)] 
3 0.045 Mole s o l u t i o n of l i gand in 40 cm of EtOH i s 
3 
r e a c t e d slowly wi th 0 . 0 1 mole of MCI2 s o l u t i o n in EtOH (60 cm ) a t 
room t e m p e r a t u r e . The r e a c t i o n mix tures have been s t i r r e d for s e v e -
r a l hours r e s u l t i n g in c o l o r l e s s s o l i d p r o d u c t s . These s o l i d s have 
been washed s e v e r a l t imes with EtOH followed by e t h e r and vacuum 
d r i e d . M.Pts . (7a) 336°C, (8a) 355°C, (9a) 358°C. 
R e a c t i o n of Tr iphenylphosphine D e r i v a t i v e s of Grouo IIB Metal 
C h l o r i d e s [M(PPh2)2Cl2] with H4CN5NH2Pz; Syn thes i s of D ich lo ro -
t e t r a k i s ( 4 - c y a n o - 5 - a m i n o p y r a z o l e ) M e t a l ( I I ) , ML.CI2 [M= Z n ( 7 a ' ) , 
C d ( 8 a ' ) , Hg(9a ' ) 
A 0 . 0 1 Mole s o l u t i o n of l igand in EtOH (50 cm ) has been 
r e a c t e d slowly wi th 0 .045 mole s o l u t i o n of [U{?Y^h^) JZl^] in EtOH 
(40 cm ) a t room tempera tu re r e s u l t i n g in the immediate formation 
of c o l o r l e s s s o l i d p r o d u c t s . The r e a c t i o n mixture were s t i r r e d for 
6 h r s . to ensure the complet ion of the r e a c t i o n . The s o l i d products 
t h u s formed were f i l t e r washed s e v e r a l t imes with EtOH followed by 
e t h e r . The mother l i q u o r l e f t c o l o r l e s s m i c r o c r y s t a l l i n e s o l i d 
e q u i v a l e n t to 2 moles which has been i d e n t i f i e d as Ph^P on the 
b a s i s of m i c r o a n a l y s i s , m.p t . and IR s p e c t r a l s t u d i e s . M.Pts . ( 7 a ' ) 
340°C, ( 8 a ' ) 361°C, ( 9 a ' ) 355°C. 
Reac t ion of H4CN5NH2PZ with M e t a l ( l ) C h l o r i d e s ; S y n t h e s i s of 1,2-
d i h a p t o 4-cyano-5-aminopyrazol ido M e t a l ( I ) Oliaomer,[M(4CN5NH2pz)]^ 
'[M= C u ( I ) , Ag(I) ] 
A 0 .02 Mole ammoniacal s o l u t i o n of MCI (50 cm ) has been 
r e a c t e d with 0 .025 Mole s o l u t i o n of H4CN5NH2PZ take in 40 cm"^  of 
EtOH. The r e a c t i o n mixtures were s t i r r e d mechanica l ly for s e v e r a l 
hours r e s u l t i n g in the formation of c o l o r l e s s s t i c k y o r o d u c t s . These 
were washed s e v e r a l t imes with EtOH followed by e t h e r caus ing no 
change in i t s polymeric n a t u r e . These products were a l so found 
i n s o l u b l e i n o the r po la r and non-polar s o l v e n t s . 
Reac t i on of H4CN5NH2PZ with Tr iphenylphosphine D e r i v a t i v e s of Cu(I) 
and Ag(I) C h l o r i d e s ; Syn thes i s of B i s ( 1 , 2 - d i h a p t o 4-cyano-5-amino-
py razo l ido ) b i s ( t r i p h e n y l p h o s p h i n e ) M e t a l ( I ) , [M(PPh2)2(4CN5NH2Pz)J^ 
A 0 .025 Mole s o l u t i o n of l igand in EtOH (50 cm ) was 
s lowly added to 0 .012 mole ammoniacal s o l u t i o n o"^  [M(PPh2)2Cl] 
r e s u l t i n g in the format ion of c o l o r l e s s s o l i d p roduc t s a t room 
t e m p e r a t u r e . The p roduc t s thus formed were f i l t e r e d , washed s eve ra l 
t imes with EtOH and then with e thor and vacuum d r i e d . The mother 
l i q u o r a longwith the EtOH and e t h e r washinos l e f t c o l o r l e s s mic ro-
c r y s t a l l i n e s o l i d which has been i d e n t i f i e d as Ph^P on the b a s i s 
of m i c r o a n a l y s i s , m .p t , and Ii< s p e c t r a l s t u d i e s . 
Anal . Ca lcd . for [Cu(PPh3)2(4CN5NH2Pz)]2: C, 7 1 . 1 5 ; H, 4 . 9 1 ; 
N, 4 . 3 6 ; Cu, 9 .90 ; Molec. Wt. 1282.72. 
Found: C, 70 .01; H, 4 . 3 9 ; N, 4 . 3 3 ; Cu, 9 .10 ; M.Pt. 275°C; Molec. 
Wt. 1276.2 . 
Anal. Calcd. for [Ag(PPh3)2(4CN5NH2Pz)]2: C, 6 6 . 5 5 ; H, 4 . 5 9 ; 
N, 4 . 0 8 ; Molec. Wt. 1371.36. 
Found: C, 65 .93 ; H, 4 . 1 0 ; N, 3 .86 ; M.Pt. 289°C; Molec. Wt. 1369.4 
2o 
RESULTS A^ JD DISCUSSION 
The ligand 4-cyano-5-aminopyrazole, H4CN5NH2pz (IX) acts 
as 2-monohapto ligand coordinating to the metal ions via pyridyl 
nitrogen N(2) in neutral reaction medium. However, it acts as 
uninegative, exobidentate 1,2-dihapto ligand (X) in basic reaction 
medium, because of its coordination to the same metal ion through 
both nitrogens [pyridyl N(2) and pyrollic N(l)] because of C2„ 
symmetry of 1,2-dihapto ligand. 
(IX) (X) 
Formation of Dichlorobis(4-cyano-5-aminopyra2ole) Meta l ( I I ) , 
[M= C r ( I I ) , F e ( I I ) , Mn(I I ) , C o ( I I ) , N i ( I I ) and C u ( I I ) ] 
Anhydrous metal ch lo r ides , MCI2 have been reacted with 
s l i g h t l y more than stoichiometric amount of H4CN5NH2pz r e su l t i ng 
in the formation of sol id mass with the i r stoichiometry as [ML^Clp] 
(L= H4CN5NH2Pz) confirmed on the basis of r e s u l t s of elemental 
ana lys is (Table 1 ) . Molecular weights, determined in non-polar 
solvent suggested the i r monomeric nature (.Table 1 ) . On the basis 
of above data the reac t ion may be visual ized as following: 
CN 
'= •' iV"' 
VJ N H 
C l ^ M -
[M= C r ( l a ) , M n ( 2 ) , F e ( 3 a ) , C o ( 4 a ) , N i ( 5 a ) , C u ( 6 a ) ] 
2 
( 1 ) 
Formation of Dich lo rob i s (4 -cyano-5 -aminopyrazo le ) M e t a l ( l l ) 
I n v o l v i n g the Reac t ion of H4CN5NH2PZ with Tr iphenyl phosphine 
D e r i v a t i v e s of M e t a l ( I I ) C h l o r i d e s , [M(PPh3)2Cl2] [M= M n ( l l ) , 
C o ( I I ) , N i ( l l ) ] 
For the r e a c t i o n of [M(PPh2)2Cl2] with H4CN5NH2PZ, the 
f i n a l p roduc ts i n each case has been c h a r a c t e r i z e d as the s o l i d 
mass of the composi t ion , [ML^Cl^] e x i s t i n g as the monomeric spe -
c i e s l ead ing to the t o t a l removal of Ph^P i n d i c a t i n g the fo l low-
ing mode of r e a c t i o n : 
[M(PPh3)2Cl2] + 4 \ \ 




All the complexes either obtained from anhydrous metal 
chlorides or their triphenyl phosnhine derivatives have been found 
to be soluble in most of the non-nolar solvents. The observed molar 
conductance values (Table 1), recorded in DMSO were low enough to 
suggest the covalent nature of these compounds. 
2u 
Formation of Dichlorobis(4-cyano-5-aminopyrazoIe) Meta l ( I I ) , 
Involving the Reaction of H4CN5NH2Pz with Anhydrous Group IIB 
Metal Chlorides, MCI2 and Their Triphenylphosphine Derivat ives , 
[M(PPh3)2Cl2] [M= Zn( I I ) , Cd(I I ) , Hg( l l ) ] 
The r eac t ion of MCI2 and M(PPh2)2Cl2 with H4CN5NH2PZ 
follow the same mode of reac t ion as described by equations (1) 
and (2) r e s p e c t i v e l y . The f ina l products obtained were found to 
be soluble in almost a l l the non-polar so lvents . The r e s u l t s of 
elemental analyses and molecular weight data suggest the s to i ch io -
metry as [ULJ^l,^ (L= H4CN5NH2Pz) corresponding to the monomeric 
nature of these compounds. However, the observed low molar conduc-
t i v i t y values recorded in DMSO suggest the covalent nature of these 
compounds too . 
The IR spectrum of pyrazole with complete assignments 
4 44 45 i s well documented in l i t e r a t u r e ' ' for the several s t a t e s of 
the l igand. The IR spectrum of the ligand H4CN5NH2PZ (Table 2) 
4 44 45 
exh ib i t s bands comparable to those reported ' ' for pyrazole 
l igand. The N-H s t re tch ing v ibra t ion appear a t considerably lower 
wave length a t t r i b u t a b l e to in t r a or intermolecular hydrogen 
bonding ' . However, the N-H bending vibra t ion reported for the 
sol id pyrazole ligand have not been seen in the present l igand. 
The v ibra t ions associated to the pyrazole ring such as r ing v ibra -
t ions (R,, R2, Rq and R.) appear at the i r estimated pos i t i ons . The 
C-H s t re tch ing and C-H bending v ib ra t ions too appear a t the 
expected positions. The band appearing at 1490 cm" as a medium 
intensity band may presumably be assigned for "^ C^ N stretching 
59 
vibration consistent with the free benzopyrazoles . A very strong 
band at 2250 cm" may reasonably be assigned for VC=N stretchina 
vibration analogous to that reported ~ ' for the free -C=N group. 
However, a multiplet (three medium to strong intensity bands) in 
the region 3300-3400 cm"" alongwith a strong band at 1610 cm" may 
be assigned for NH2 group vibrations. 
The bands observed in the IR spectra of the complexes 
either obtained from anhydrous metal chlorides or their triphenyl-
phosphine derivatives (Table 2) were compared with the free ligand 
vibrations. The remarkable features of the spectra show bands 
corresponding to -C= N and NH^ groups which have appeared in the 
same frequency regions as recorded for free ligand, ruling out the 
possibility of their coordination to the metal ions. However, there 
is a considerable positive shift in the N-H stretching vibration 
attributable to differences in the internal or external hydrogen 
bonding ' indicating the coordination of the ligand via pyridyl 
nitrogen N(2). This has been further corroborated by a slight 
negative shift (5-15 cm" ) in the v^C=N stretching vibration as 
59 
reported for benzopyrazole complexes 
A strong band in the frequency region 220-235 cm" may 
reasonably be assigned as M-N stretching vibration consistent 
with octahedral complexes derived from the other nitrogen donor 
ligands . However, a medium band in the frequency region 
3u 
280-290 cm"" has been assigned as M-Cl stretching vibration. The 
complexes derived from the triphenylphosphine precursors, 
[M( PPh2)2Cl2] <^o ^ot show band characteristic of Ph^P moiety 
reported to appear Ca 500 cm" . 
Further confirmation regarding the mode of coordination 
of the ligand and the stereochemistry around the transition metal 
ions has been obtained after carrying out magnetic susceptibility 
measurements and ligand field spectral studies as discussed below: 
The electronic and reflectance spectra of these complexes 
are quite comparable suggesting the similar soecies in the solution 
as well as in the solid. The observed maonetic moment and ligand 
field spectra with a weak band at Ca 15,000 cm" assigned as 
5 5 T2 < E transition are consistent with the octahedral 
geometry of [CrL^Clp] complex. However, the? ligand field spectra of 
(2a) and (2a') exhibit two bands assianable to T^ (G) < A, 
and ''^ in^ )^ "^  ''^lo transitions respectively (Table 3). The 
observed values of magnetic moments further confirm the ground 
state as A, in the ligand field spectra suggesting an octahedral 
2+ Mn ions. 
The Hgff value for (3a) and a weak absorption band in 
the ligand field spectra at Ca 12,100 cm" assignable to the 
5 5 transition E •< T^ (Table 3) are consistent with the octa-g 2g ^ 
h e d r a l environment around the metal ion ' ' . However, a shoulder 
3 4 5Q - 1 
r e p o r t e d ' ' to occur a t Ca 10,000 cm in o the r pyrazole comp-
l e x e s Could not be recorded in fFeL.Clp] complex. 
3-
The observed va lues of magnetic moments for the comploxes 
( 4 a ) , ( 4a ' )> (5a) and ( 5 a ' ) are s l i g h t l y higher than t h a t of c a l c u -
l a t e d sp in -on ly v a l u e s which may be understood in terms of s p i n -
o r b i t coupl ing c o n t r i b u t i o n s . However, the |i r^ va lues l i e in 
2+ 2+ 
the range normally observed for v a r i o u s s p i n - f r e e Co and Ni 
o c t a h e d r a l complexes with p y r a z o l e . The l igand f i e l d spec t r a of 
(4a ) and ( 4 a ' ) e x h i b i t a main band maxima a t Ca 20,500 cm" a l o n g -
wi th a shoulder appear ing a t Ca 19,500 cm" which may r e a s o n a b l y be 
ass igned to the '^A2g(F) •< '^T^g(F) and '^T^g(P) < '^^^^(F) 
t r a n s i t i o n s r e s p e c t i v e l y confirming an o c t a h e d r a l environment 
2+ around Co i o n s . However, two s t r ong l igand f i e l d bands recorded 
a t Ca 27,700 cm" and 17,600 cm" for (5a) and ( 5 a ' ) complexes 
correspond to the ^T^ (P) < ^^2 (F) and ^Tj^  (F) < ^^2g^^^ 
t r a n s i t i o n s r e s p e c t i v e l y c o n s i s t e n t wi th the o c t a h e d r a l environment 
2+ 
of Ni ion. The observed magnetic moment and a broad weak band in 
the electronic spectra of [CuL.Cl^] suggest an octahedral geometry 
(Table 3). The data presented here help us to visualize the 
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[M= Cu, Ag], 
Formation of Bis(1,2-dihapto 4~cyano-5-aminopyrazolido)bis 
triphenylphosphine Meta l ( I ) , [M(PPh3)2(4CN5NH2Pz)]2 
The reac t ion of ammoniacal solut ion of triphenylphosphine 
de r iva t ives of Cu(I) and Ag(I), [M(PPh2)2Cl] with H4CN5NH2PZ resul ted 
the formation of f ina l products of the type [M(PPh„)2(4CN5NH2Pz)]2» 
[M= C U ( I ) , Ag(I)] where Ph^P equivalent to 1 mole i s l i be ra t ed 
(Experimental Sec t ion) . The compounds are soluble in most of 
organic so lven t s . The r e s u l t s of elemental analyses complements 
the proposed stoichiometry and the molecular weight determination 
data suggest the i r monomeric na ture . 
The nature of bonding of 4-cyano-5-aminopyrazole in these 
compounds have been confirmed by recording the i r IR spec t ra . The 
bands observed in the IR spectra indicate the complete absence of 
the N-H s t re tch ing v ibra t ion suggesting the deprotonation at 
pyro l l i c ni trogen re su l t ing in the formation of 4-cyano-5-amino-
So 
Formation of Polymeric l,2--dihapto 4~cyano-5--aminopyrazolido 
Meta l ( I ) , [M(4CN5NH2Pz)]^ Compounds [M= Cu(I) , Ag(l)] 
The reac t ion of ammoniacal solut ions of MCI [M= Cu(I) , 
Ag(l)] with H4CN5NH2PZ resu l ted in the form.Ttions of co lor less 
compounds. These compounds have been found to be highly insoluble 
in almost a l l the polar and non-polar solvents indica t ing the i r 
polymeric nature analogous to tha t reported ' for [Cupz] and 
[Agpz] . The IR spec t ra l s tudies on these compounds exhibi t the 
complete absence of N-H s t re tching vibra t ion expected to appear at 
2920 cm" in free ligand and at v^ 3440 cm" upon coordination 
suggesting the formation of 4-cyano-5-aminopyrazolide ion, 
[4CN5NH2PZ]"". However, the other bands corresponding to the pyra-
zole r ing and the subs t i tuent groups appear at the i r appropriate 
pos i t ions as recorded for free ligand except a negative sh i f t 
(10-20 cm" ) in T^ C=4M s t re tching v ibra t ion (Table 4 ) . The absence 
of "^N-H s t re tch ing v ibra t ion and a s l i gh t negative sh i f t in ^ C=N 
s t r e t ch ing v ibra t ion suggest the involvement of both the nitrogens 
(pyr idyl as well as pyro l l ic ) in bonding. The s t ruc tu re of these 
compounds could not be es tabl ished because of the l imited physico-
chemical s t ud i e s . However, a possible polymeric s t ruc tu re may be 
v i sua l ized as in F ig . (XII) cons is ten t with [Cu(4CN5NH2Pz) J^ ^ and 
[Ag(4CN5NH2pz)]^ • 
3^ 
pyrazolide ion, [4CN5NHppz]~o The coordination of pyridyl nitro-
gen to the metal ions, Cu or Ag has been indicated by negative 
shift (10-20 cm"-'-) in V>C=N stretching vibration (Table 4). The 
presence of Ph-P groups acting as brocking groups to avoid the 
polymerization of these compounds has been confirmed by the poly-
merization of these compounds has been confirmed by the character-
istic bands corresponding to Ph^P. Furthermore, the bands arising 
from the ring vibrations and substituents CN and NH^ do not undergo 
any change when [4CN5NH2Pz]~ coordinates via both the nitrogens 
N(l) and N(2). On the basis of present data the probable structure 
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